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ABSTRACT

For visualisation applications, Immersive Virtual Reality (VR) environments can present information in an arbitrarily large space, overcoming the traditional constraints of screen space or even physical space limitations. However, interacting with distant objects within the virtual space presents an interaction and usability challenge. Current research primarily focuses on evaluating the feasibility of techniques, which may involve compromises in interaction accuracy or necessitate adjustments to the relative position or scale of target objects. We thus introduce a novel interaction method that enables precise remote interactions without requiring changes to the relative position and scale of the user's point of view in the virtual environment. Additionally, we have developed several variations of our approach and designed a controlled experiment to assess the subjective ranking of these representations and performance differences across multiple scenarios.

Index Terms: Human-centered computing-Interation with distant object-Visualization techniques-; Human-centered computing-Interaction design and evaluation methods-

INTRODUCTION

Virtual Reality (VR) provides the remarkable capability to generate expansive virtual environments, allowing users to explore extended spaces or entirely new worlds based on their needs. However, this freedom raises a fundamental question: How can we effectively interact with distant objects within these virtual spaces? Numerous interaction methods have been developed to address this challenge. One commonly employed approach involves selecting objects through ray casting. Alternatively, methods such as teleportation of the point of view (PoV) [START_REF] Argelaguet | A survey of 3d object selection techniques for virtual environments[END_REF] or manipulation within a world in miniature (WIM) [START_REF] Poupyrev | The go-go interaction technique: non-linear mapping for direct manipulation in vr[END_REF] aim to bridge the distance gap and achieve the same objective. Despite their widespread application, these existing methods suffer from certain limitations. In instances where the interaction necessitates a change in PoV, users' understanding of the virtual environment is altered [START_REF] Plumlee | Zooming versus multiple window interfaces: Cognitive costs of visual comparisons[END_REF], potentially increasing cognitive load, particularly in scenarios requiring constant overview analysis. Conversely, techniques that maintain a fixed PoV during interaction often have low accuracy when dealing with long distances [START_REF] Poupyrev | The go-go interaction technique: non-linear mapping for direct manipulation in vr[END_REF]. Consequently, an interaction method that is both feasible and accurate for distant objects is crucial to encompass a broader range of usage scenarios. Our proposed solution revolves around the intuitive concept of virtually extending one's hand, which we believe offers an instinctive approach. While existing approaches, such as the Go-Go interaction [START_REF] Poupyrev | The go-go interaction technique: non-linear mapping for direct manipulation in vr[END_REF], attempt to extend the user's hand away from the PoV for interaction, they still entail trade-offs between intuitiveness and accuracy. Therefore, we propose a novel approach aimed at reducing the spatial gap between the user and a distant target. This approach involves the strategic placement of a space anchor near the target, enabling the virtual hand to accurately replicate the movements of the physical hand. Our method strikes a balance between being intuitive enough to facilitate easy learning and accurate enough to enable precise interactions. We have developed several variations of our approach and designed experiments to evaluate their performance differences.

CONSIDERATION AND DESIGN

We have explored various methods to extend the virtual hand. These methods can be categorized into direct and indirect manipulation techniques. Direct manipulation allows participants to intuitively control and extend the virtual hand based on their daily experiences. Reference frames align with both physical and virtual hands. c) Once beyond the fist gesture, the reference frames are placed in that 3D space as space anchors. The virtual hand mirrors physical movement with a scale factor of 1, ensuring accurate interaction.

For instance, the Go-Go interaction [START_REF] Poupyrev | The go-go interaction technique: non-linear mapping for direct manipulation in vr[END_REF] is a direct manipulation technique where the distance of the virtual hand is proportional to the physical distance of the user's hand away from their body. Indirect manipulation techniques, on the other hand, are usually less intuitive. For example, an alternative Go-Go interaction utilizes a button as the manipulator to change the position of the virtual hand [START_REF] Poupyrev | The go-go interaction technique: non-linear mapping for direct manipulation in vr[END_REF]. We have developed several different indirect manipulation methods and conducted an informal comparative study with some participants, comparing them against the direct manipulation approach. The results indicate that the additional learning cost associated with indirect manipulation outweighs its benefits, as all participants expressed a preference for the direct manipulation method. Despite the fact that the direct manipulation method is more preferred, this type of range extension approach is dependent on an amplification function to upscale the maximum extension range to a room scale level. Consequently, the accuracy of manipulation for distant objects is often compromised. To address this challenge, we have devised a new technique that combines expanded reachability with precise interaction. When the user intends to extend the virtual hand, they make a fist gesture to navigate the virtual space at an accelerated speed, multiplied by a factor X (X can be adjusted based on the virtual environment). Upon approaching the target, the user releases the fist gesture to create a space anchor in the VR environment. This space anchor allows the movement of the virtual hand to synchronize with the physical hand movement without any scale changes. As a result, the accuracy of interaction can be maintained at a level similar to that of touching a nearby object.

Additionally, we have explored different variations of our technique to achieve a high degree of subjective acceptance. These variations include a floating virtual hand alone, a virtual hand with an extended long arm, and a pair of portals serving as the space anchors. We have introduced a virtual arm to establish a connection between the floating hand and the point of view, enhancing the sense of ownership. The presence of the arm also serves as an indicator of the extension length of the virtual hand, aiding the user in interpreting depth information to some extent. Furthermore, we have implemented a pair of portals to illustrate the invisible anchors in the virtual space. When the user open their hand from the fist gesture, a portal materializes at the hand's position, while another portal appears near the user. This pair of portals serves as the space anchor, eliminating the spatial distance between them. Users can then reach out through the portal in front of them to interact with the target located at the other portal. The portal scenario also mitigates the fatigue issue experienced in previous scenarios, as users no longer need to elevate their arm extensively to maintain accurate interactions.

CONCLUSION AND FUTURE WORK

In conclusion, this poster proposes an innovative interaction technique tailored for precise interaction with distant objects within virtual reality (VR) environments. Our approach focuses on maintaining an equilibrium between extended reachability and accurate manipulation. Furthermore, we have developed three variations and are preparing to conduct a comprehensive user study to assess their performance and subjective preferences. The study involves participants engaging in a grabbing interaction within a room-scale 3D scatter plot, where they are tasked with reaching a randomly generated and highlighted data point. The average time cost and hand movement trajectory will be recorded for evaluation purposes. Additionally, participants are requested to provide subjective feedback on each aspect of the technique and contribute to an overall ranking. Although we have not yet conducted a formal controlled experiment, the initial feedback from pilot test has shown that the portal variation, in some use cases, blocks the user's field of vision. We will therefore adjust its placement for future studies. Our intention is to position the portals based on the user's gaze, ensuring they do not obstruct the central vision.
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Figure 1 :

 1 Figure 1: Three different implementations of our technique for distant object selection. a) The floating hand. b) The extended hand with an arm connection. c) The portal pair allowing user to pass their hand through one portal and reach through the other one.

Figure 2 :

 2 Figure2: a) The range of extension is directly linked to the hand's distance from the shoulder. b) During a fist gesture, the user can amplify hand extension by a factor of X. Reference frames align with both physical and virtual hands. c) Once beyond the fist gesture, the reference frames are placed in that 3D space as space anchors. The virtual hand mirrors physical movement with a scale factor of 1, ensuring accurate interaction.